The pre-fledging survival of Greylag goslings (Anser anser) is known to be influenced by parenting style and particularly parental vigilance. Visual and acoustic cues may be important in parental vigilance: if vision is blocked, for example in a highly structured habitat, acoustic recognition of the goslings by their parents would be beneficial. We confronted parental and non-parental Greylag Geese with playbacks of gosling distress calls and analyzed their behavioral responses. Parental geese showed a significant increase in their vigilance behavior during and after playbacks while geese without offspring showed increased comfort behavior. In a permutated discriminant function analysis, we found no family-specific vocal cues in gosling calls, and potential call familiarity did not have any effect on parental behavioral responses. Vigilance in families was further influenced by the number of goslings and gosling age, with increased vigilance when the number of goslings was high, and when goslings were younger. Parental females were more vigilant than parental males, suggesting differences in parental investment between males and females. We conclude that visual cues may be more important in offspring-related vigilance than calls, which elicited different behavioral responses depending on the social class of the geese.
Introduction
Parental investment generally supports offspring survival and thereby, parental reproductive success (Trivers 1974) . The costs of investment, however, vary in different species or mating systems and also between sexes. Females produce fewer and larger gametes than males and, therefore, have higher costs if the offspring does not survive (Maynard Smith 1977) . This asymmetry in reproductive effort is supposed to cause post-mating differences in parental investment between males and females, as females usually invest more in parental care than males (Wade and Shuster 2002) .
In birds, parental care can be shared by both sexes at early developmental stages (Ligon 1999) . Especially in precocial species, avian parents usually invest in visual and acoustic vigilance behavior to avoid predation and to monitor the social environment. The main trade-off of visual vigilance is with feeding, due to the mutually exclusive nature of having the head up in vigilance and feeding from the ground (Trivers 1974; Lazarus and Inglis 1978; Caraco 1980) . One possibility to counteract this trade-off is vocal signals, which are used in a variety of social contexts (Fichtel and Manser 2010) , particularly in environments where visibility is limited or when individuals disperse over an expanded area and group cohesion needs to be reestablished or monitored (Marler 2004; Tibbetts and Dale 2007) . Distress calls, for example, can signal a need for parental care and may function to maintain group cohesion, as shown for primates (Pflüger and Fichtel 2012) , dolphins (Janik and Slater 1998) , and waterfowl (Black 1988) . They may function as a call for aid (Chaiken 1992) , or they may warn conspecifics in a potentially risky situation (Branch and Freeberg 2012) . In parent-offspring interactions, distress calls communicate that a situation is considered stressful or dangerous (Bermant 1963) , and often solicits a caregiver's response (Lingle et al. 2012) . Between several different mammal and bird species, distress calls show convergent similarities in their frequency modulation (Lingle et al. 2012 ) depending on the system of parental care and on the associated anti-predator strategies.
Greylag Geese (Anser anser) are social birds engaging in long-time monogamous relationships. Both sexes invest in parental care and family bonds are at the core of the complex social relationships within the flock (Rutschke 1987; Scheiber et al. 2009a, b) . Physiological and behavioral synchrony between the pair partners is related to the quality of the pair bond, and pairs which are physiologically synchronized have higher reproductive output (Weiss et al. 2010; Hirschenhauser 2012) . Recent observational studies suggest a major role of vigilance in family cohesion and to minimize gosling loss during rearing (Block 2013 ) (unpublished data). Male parental geese are known to show higher levels of vigilance than their female partners: Black and Owen (1989) showed that for Barnacle Geese (Branta leucopsis) males with offspring spent more time being vigilant (16%) than their female partners (10%) from autumn to spring, when their gosling were 5-10 months old. Williams et al. (1994) found similar results for Lesser Snow Geese (A. caerulescens caerulescens). When separated from their foster parent, hand-reared goslings of Canada Geese (B. canadensis), Bar-headed Geese (A. indicus), and Greylag Geese display distress calls (Lamprecht 1977; Thoren and Bergmann 1987) . These distress calls generally elicit enhanced visual vigilance in parents (Johnsgard 1965; Thoren and Bergmann 1987; Beecher 1988; Sharp et al. 2005) , which constrains feeding and thus can be considered energetically costly. Hence, acoustic signals as additional means of maintaining cohesion and communicating domain of danger would contribute to reducing parental surveillance costs.
It was shown that 5-day-old goslings of Canada Geese are able to recognize their parents by their calls individually (Cowan 1973) and to discriminate their siblings from unknown ones visually at the age of 6 days (Radesäter 1976) . Distinctive features in distress calls and the ability to discriminate them could be highly advantageous for goose parents, since they could respond specifically and forego costs of both permanent visual vigilance or misdirected care in an environment where goslings may get out of visual sight, and thus visual survey is limited, and where other families with goslings of the same age are nearby.
Here, we investigated responses of adult Greylag Geese to gosling distress calls. For this, we exposed parental and non-parental geese to distress calls of goslings. Parental geese were tested with distress calls of their own goslings as well as with distress calls performed by unfamiliar goslings, thereby additionally testing whether parental geese would be able to discriminate between distress calls of own and unfamiliar goslings. Non-parental geese were tested with distress call playbacks of different unfamiliar goslings. We hypothesized that parental geese would in general respond with increased vigilance because goslings in distress could indicate danger for their own goslings. However, if parental geese were able to discriminate their own goslings from unfamiliar goslings by their distress calls, we would expect, despite a general response towards distress calls, stronger den Geschlechtern hindeutet. Wir schlussfolgern, dass für die Wachsamkeit in Bezug auf den Nachwuchs visuelle Signale von größerer Bedeutung sein könnten als Rufe, die je nach sozialer Klasse unterschiedliche Verhaltensantworten bewirkten.
responses to calls of their own goslings as to avoid misdirected vigilance. Non-parental geese, on the other hand, were expected to show no or unspecific behavioral responses because being vigilant would not benefit them.
Methods

Focal animals and study area
This study was conducted at the Konrad Lorenz Research Station in Grünau im Almtal, Austria. The flock of Greylag Geese was introduced into the valley of the river Alm by Konrad Lorenz in 1973 (Lorenz 1988 . At the time of data collection, the flock consisted of 159 free-roaming birds, which were individually marked with coloured leg bands. The flock was well habituated to the presence of humans. Individuals allowed close approaches without showing any behavioral changes or physiological signs of stress (Wascher et al. 2008 ). Predators such as red foxes (Vulpes vulpes) and eagles (Aquila chrysaetos) cause a yearly loss of up to 10% of the flock (Hemetsberger 2001) , which resembles other wild geese populations (Owen 1982; Ebbinge 1985) .
The present study was conducted during the breeding season 2013. A total of 24 parental pair-partners (12 pairs with offspring; i.e. 12 males and 12 females, termed focal families) and 16 adult pair-partners (eight pairs; i.e. eight males and eight females, termed focal pairs) without hatched goslings in this breeding season were tested in playback experiments, which were conducted from 5th June to 7th July. The number of goslings per family ranged between 1 and 8 immediately after hatching (mean number of goslings per family ± SD: 5.08 ± 1.71), and between 1 and 4 during the experiment (mean number of goslings per family ± SD:
2.00 ± 1.21; Table 1 ). At the time of the experiment the age of the goslings ranged between 24 and 68 days (mean age ± SD: 46.83 ± 11.44). The average age of the goslings at the first playback was 46.83 ± 11.95 days (SD) and 54.83 ± 10.31 (SD) at the second playback. The average age of the goslings at the time of the sound recording was 22.50 ± 9.55 days (SD).
Sound recordings and preparation of stimuli
Gosling distress calls were recorded from the 12 focal families (cp. Table 1 ). The number of calls per family ranged from 12 to 104 (mean ± SD: 34.08 ± 24.20). Recordings were conducted at a distance of approx. 1 m using a Sennheiser K6 module/ME67 long gun directional microphone (Sennheiser Electronic GmbH & Co. KG, Wedemark, Germany) and a Marantz PMD-670 digital recorder (D&M Holdings Inc., Kanagawa, Japan). Recordings had a sampling rate of 48 kHz and a 16-bit amplitude resolution. Only calls with a high signal-to-noise ratio were selected for acoustic analysis and subsequent playback sequence preparations. Distress calls were analyzed using a script in PRAAT (Version 5.3.05), which extracted calls and measured total call duration (ms), minimum, maximum, and mean fundamental frequency (fo; settings: minimum = 75 Hz, maximum = 5500 Hz, time-step = 0.01; measured in Hz), and the time when minimum and maximum fo occurred within each call relative to the total length of the call (%; calculated as the time point divided by the total duration and multiplied by 100). Measured parameters were logged into an output file, and each annotated call was saved as a wav-file. We applied a Hann stop band filter between 0 and 400 Hz to all wav-files to reduce background noise. Sound pressure levels 
Experimental setting
Both mates (male and female) of a family or pair were tested simultaneously. Each family/pair was involved in two sessions, and each session consisted of two trials. Each trial included three conditions: a baseline period before the playback (20 s) followed by a playback period of 10 s in which six distress calls with a total duration of 1 s were presented and a control period after the playback of 20 s. After a recovery period of 10 s, the second trial followed ( Fig. 1 ). For families, trials were randomized with respect to familiarity of the distress calls (distress call sequences of own or unknown goslings). Therefore, within one session, families received one familiar and one unfamiliar distress call sequence and pairs received two unfamiliar sequences. Unfamiliar call sequences played to families were selected to match the age of their own goslings [mean age difference of own and unfamiliar goslings = 4.33 ± 2.71 (SD)].
To avoid possible habituation to the playback design, the minimum interval between two consecutive sessions was 3 days. Playback sequences consisted of random samples of distress calls of the goslings of one family and resembled the goslings' natural call rates. The entire experiment was kept in a narrow time frame (a total duration of 110 s per session) to avoid close proximity to other families (minimum distance 10 m) or other disturbances, which would have led to an abortion of the playback (e.g. passing cars).
During the experimental period, all families were monitored on a daily basis to ensure that focal families were never in close contact to each other so that sound recordings of their respective goslings could serve as unfamiliar stimuli in the playback experiment. The distress call sequences were played back as wav-files from a Transcend Digital Music Player (MP870) and a portable loudspeaker (Roadboy 6.5, LD Systems, frequency response: 50 Hz-20 kHz, Maximum sound pressure: 118 dB, height by width: 300 × 200 mm). A Sennheiser wireless transmitter/receiver system (evolution wireless G3, ENG set ew112-pG3) interconnected the player with the loudspeaker, and enabled the experimenter to start the playbacks without being in close proximity to the speaker and the focal individuals. The loudspeaker was placed at a distance of approx. 2 m from the focal geese as studies showed that family members usually stay close to each other (Frigerio et al. 2001; Rutschke 1986 ). The geese are well habituated to human observers and experimental equipment, including the loudspeaker. The geese mostly foraged and rested in the open. To keep the distance to the speaker and the sound pressure level constant, the speaker could not be hidden behind bushes or trees. The playbacks were started when none of the focal geese showed vigilance behavior and continued their previous behavior (e.g. foraging, resting). Sounds were played with sound pressure levels of 63 dBc on average at one meter (Voltcraft SL-100), which resembles natural intensities of gosling distress calls.
Behavioral observations
Behavioral responses during the sessions of the three conditions of the playback experiment (baseline, playback, postplayback) were videotaped and blind coded by AL using Fig. 1 Setup of playback experiment: Each trial included three conditions: a baseline phase before the playback, the playback, and a control postplayback phase. The two trials of a session were conducted twice with a recovery phase between them Fig. 2 The three stages of vigilance behavior in Greylag Geese: head low (low vigilance, on the left), head up (increased vigilance, in the middle), and extreme head up (high vigilance, on the right). Drawing by A. Loth Solomon Coder beta (© 2013 András Péter). Videos were coded without sound, and thus the coder was blind to the session and the conditions (i.e. the onset of the playback stimuli). Coded behavioral responses included the frequency and the duration of three different stages of vigilance behavior (head low, head up, extreme head up, see Fig. 2 ) according to the description of Lazarus and Inglis (Lazarus and Inglis 1978) , and comfort behavior, e.g. feather shaking and auto-grooming with the beak (Lorenz 1988) . For baseline and post-playback conditions, frequency and duration measurements were adjusted to match the shorter playback condition and therefore divided by two (see Fig. 1 ). 10% of the videos were re-coded by GS to calculate inter-rater reliability using one-way single measures intra-class correlations (ICC). The ICCs for the frequency and the duration of the three vigilance stages and comfort behavior were excellent and ranged from 0.836 to 0.968.
Statistical analysis
Distress calls
Four hundred and forty-five distress calls of 12 families were then analyzed using nested permutated discriminant function analyses (pDFA) with 100 random selections and 1000 permutations (Mundry and Sommer 2007) . Family was used as a test factor. The age of the goslings in days at the time of recording was entered as a control factor to account for the possible age effects. All measured acoustic parameters (call duration, minimum fo, maximum fo, mean fo, and the time of minimum and maximum fo in the calls) were entered in the analysis. In addition, non-parametric Spearman rank correlations were calculated to investigate the link between gosling age and the measured acoustic parameters of gosling distress calls.
Behavioral responses
A principal component analysis (PCA) was conducted for data reduction. Components with eigenvalues greater than 1.0 were extracted and Varimax-rotated. Three principal components (PCs) were extracted which explained 87.58% of the total variance. The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) was 0.53. PC 1 included the duration and the frequency of the high vigilance stage "extreme head up" and explained 38.14% of the variance (for a visual representation of the vigilance stages, see Fig. 2 ). PC 2 included the duration and the frequency of comfort behavior and contributed 27.7% to the total variance. The third extracted PC included the duration and frequency of the lower vigilance stage "head up" and explained 21.3% of the variance (Table 2 ). Regression scores of the three PCs were extracted, and added plus 1 (PC 1 and 3) or plus 2 (PC 2) to create positive values. Linear mixed models (LMMs) with a normal distribution and an identity link were conducted using each PC separately as response variable. A nested term that included the playback trial (first or second) and the session (one and two) within individuals within each family and/or pair was entered as random effect to account for repeated measures. In addition to random intercepts, random slopes were fitted for playback trial and individuals (Barr et al. 2013) . Fixed factors were examined for potential multi-collinearity before conducting LMMs by calculating variance inflation factors using the HighstatLibV6 package (Zuur et al. 2009 ). None of the fixed factors in either of the models showed collinearity.
In a first step, we investigated differences between the responses of families and pairs. For this, the fixed factors condition (baseline, playback, post-playback), sex (males vs. females), group membership (families vs. pairs), and the two-way interactions between condition and group and condition and sex were entered in the full model. Then, we investigated variations in responses within each group (families and pairs). For families, the fixed factors condition, familiarity (familiar or unfamiliar distress call sequence), sex, the number of goslings, and their age (in days) were used as fixed factors. Moreover, interactions between condition and familiarity, condition and sex, and sex and familiarity were used. For the pairs, only sex and condition and their two-way interaction were used as fixed factors, as non-parental pairs had no goslings. In a first step, we tested the global model against the null model. If the global model explained variation in the response variable significantly better than the null model, we removed non-significant interactions and report these model results with pairwise comparisons of the main effects. Diagnostic plots were used to assure that model assumptions were met. Statistical analysis was performed in R Version 3.3.3 (R Core Team 2017) using the packages GPA rotation [version 2014.11 in R. The boxes represent the lower and upper quartiles (25th and 75th percentile), the bold lines in the boxes indicate the median (50th percentile), and the whiskers mark 1.5 * interquartile ranges.
Ethical note
The permission to keep Greylag Geese for scientific purposes according to §16 of the Austrian Animal Experiments Act (Federal Law Gazette No. 114/2012) 
Results
Distress calls
Distress calls of goslings were tonal with a mean duration of 140.02 ms (SD: 63.58 ms). Calls showed time-frequency modulations and several harmonics (Fig. 3) . fo had an average minimum at 2450. 
Comparison of behavioral responses between focal families and focal pairs
The global model varied significantly from the null model for PC1 (extreme head up: χ 2 = 34.3, df = 9, p = 0.0081) and PC3 (head up: χ 2 = 109.8, df = 9, p < 0.0001), and tended to vary for PC2 (comfort behavior: χ 2 = 14.7, df = 9, p = 0.0996). In all final models, the interaction between condition and group membership had an effect on the PC scores (Table 4) . PC1 (extreme head up) was significantly higher in families as compared to pairs during the playback phase (Estimate ± SE = − 0.448 ± 0.164, t = − 2.73, p = 0.0066), and significantly lower in the baseline (Estimate ± SE = 0.389 ± 0.164, t = 2.37, p = 0.0182), but did not vary in the post-playback phase (Estimate ± SE = − 0.059 ± 0.164, t = − 0.36, p = 0.7194; Fig. 4 ).
For PC3 (head up), families showed significantly higher scores than pairs during the playback (Estimate ± SE = − 0.838 ± 0.140, t = − 5.99, p < 0.0001) and the post-playback phase (Estimate ± SE = − 0.670 ± 0.140, t = − 4.79, p < 0.0001), but not during the baseline phase (Estimate ± SE = 0.168 ± 0.140, t = 1.20, p = 0.2300; Fig. 5 ).
PC2 (comfort behavior) tended to be higher in pairs than in families during the playback presentation (Estimate ± SE = 0.204 ± 0.107, z = 1.90, p = 0.0583; Fig. 6 ), but showed no significant variation in the baseline (Estimate ± SE = − 0.170 ± 0.107, t = − 1.58, p = 0.1144) and 
Behavioral responses of focal families
The null model explained significantly less of the variation of PC1 (χ 2 = 21.9, df = 10, p = 0.0154) and PC3 (χ 2 = 64.7, df = 10, p < 0.0001) than the global model. No difference was found between the global modal and the null model for PC2 (χ 2 = 12.5, df = 10, p = 0.2510) ( Table 5 ). PC scores of extreme head up (PC1) and of head up (PC3) were significantly higher during the playback phase as compared to the baseline (PC1: Estimate ± SE = 0.356 ± 0.104, t = 3.42, p = 0.0008; PC3: Estimate ± SE = 0.714 ± 0.097, t = 7.37, p < 0.0001; see Table 5 ). While scores of PC1 significantly decreased compared to the playback in the post-playback phase (Estimate ± SE = − 0.307 ± 0.104, t = − 2.95, p = 0.0036), PC3 scores stayed high also during the post-playback phase, varying significantly from scores during the baseline phase (Estimate ± SE = 0.595 ± 0.097, t = 6.14, p < 0.0001), but not from scores during the playback phase (Estimate ± SE = − 0.119 ± 0.097, t = − 1.23, p = 0.2203).
Scores of extreme head up (PC1) also varies significantly with sex (Estimate ± SE = − 0.330 ± 0.161, t = − 2.05, p = 0.0484), with females showing stronger responses than males (Fig. 7) . In addition to condition, PC 3 (head up) was significantly influenced by the total number of goslings (Estimate ± SE = 0.211 ± 0.085, t = 2.49, p = 0.0199) and the age of the goslings (Estimate ± SE = − 0.026 ± 0.009, t = − 2.86, p = 0.0071), with stronger responses when the number of goslings was higher, and when goslings were younger.
Behavioral responses of focal pairs without offspring
In pairs without goslings, the global model varied significantly from the null model for extreme head up χ 2 = 11.3, df = 5, p = 0.0462) and tended to vary for comfort behavior (χ 2 = 94.1, df = 5, p = 0.0937). No difference was found between the null model and the global model for head up (χ 2 = 54.3, df = 5, p = 0.3331). Extreme head ups increased in the playback phase, with significantly higher scores as compared to the baseline phase (Estimate ± SE = 0.323 ± 0.096, t = 3.37, p = 0.0010), and decreased again significantly in the postplayback phase as compared to the playback phase (Estimate ± SE = − 0.202 ± 0.096, t = − 2.10, p = 0.0373; Table 6 ). Comfort behavior also increased significantly during the playback phase as compared to the baseline (Estimate ± SE = 0.193 ± 0.066, t = 2.94, p = 0.0034), and remained high also in the post-playback phase as compared to the baseline (Estimate ± SE = 0.125 ± 0.066, t = 1.91, p = 0.0580), and did not vary from scores during the playback phase (Estimate ± SE = − 0.067 ± 0.066, t = − 1.02, p = 0.3078).
Discussion
Our results show that adult parental and non-parental Greylag Geese responded differently to gosling distress calls. While focal families responded with increased vigilance, pairs without goslings showed more comfort behavior at and after the presentation of gosling distress calls, instead. Within the families, we found that parental geese were more vigilant when the number of gosling was high and when goslings were young, but we found no indication of kin recognition, as vigilance was increased in response to all distress calls, irrespective of familiarity. Further, parental females responded more strongly to gosling distress calls with extreme head up behavior than their mates. Our findings do not contradict the well-documented fact that over the entire rearing period from autumn to spring, parental male geese show higher levels of vigilance than their female partners (Black and Owen 1989; Williams et al. 1994 ), but rather they hint at context-dependent and seasonal differences in vigilance behavior between the sexes. Males were shown to display a higher overall vigilance from October through April (Black and Owen 1989) , thereby ensuring family cohesion and access to resources. Parental females in our study responded stronger to acoustic signals that may induce a stressful or dangerous situation for the goslings than their mates. This may reflect a balance between quality and quantity in vigilance behavior. In Greylag Geese only the females incubate, and during this period, they barely feed (Rutschke 1987) . The conflict between parental investment in the current offspring and available resources for future offspring is assumed to lead to an investment trade-off (Trivers 1974) . Data on Barnacle Geese (Black and Owen 1989) and our own observations in Greylag Geese indicate that females spend indeed longer periods feeding during later stages of rearing to compensate their loss of weight after the goslings had hatched. Therefore, the goslings' distress calls may modulate the efficiency particularly of the females' vigilance behavior.
As the recorded distress calls in this study could not be assigned to goslings individually, only to goslings of different families, we cannot state whether there are individual acoustic characteristics within gosling distress calls. Discriminating between kin and non-kin by vocalizations can be crucial in complex social life, and it was already shown in Canada Geese (Cowan 1973) . However, we found no family-specific acoustic cues that would have enabled discrimination of Greylag goslings' distress calls at a family level. Therefore, distress calls may not play a crucial role in individual or class-level recognition, but rather function as general vigilance triggers for parents: distress calls are produced in case of isolation or stress (Lamprecht 1977; Lorenz 1988 ) in order to draw the parents' attention towards (Lamprecht 1987; Lorenz et al. 1979; Scheiber et al. 2005, b) . Hence, every distress call emitted close to the parents at this developmental stage is likely to be perceived as a signal from the own offspring. Therefore, parental geese may have responded similarly to both familiar and unfamiliar distress calls due to the spatial proximity at which the stimuli were presented, irrespectively of the family membership of the sender. However, as gosling calls were recorded prior to the playback experiment, it is possible that families did not recognize their own gosling voice due to developmental changes in the calls. Acoustic properties of the recorded distress calls did not vary with gosling age, although the age varied from 6 to 38 days. Investigations on the vocal development of distress calls in Greylag Geese showed a slight but constant decrease in maximum fo with increasing age (Thoren and Bergmann 1987): in 5-day-old goslings, maximum fo was 3.8 kHz, and decreased to an average 1.9 kHz (range 1.6-2.4 kHz) at the age of 50 days. The sounds used in the experiments thus may have sounded like distress calls of younger goslings, which on the one hand might have precluded recognition of own goslings, and on the other hand, result in less strong vigilance with increasing age of the goslings, as shown for extreme head ups. Whether parental geese reduce vigilance in general as their offspring grow older, or whether the observed decrease in vigilance was due to the stimuli sounding younger than the own offspring, and thus violating the expectancy of the parents, still needs to be investigated in more detail. It is known that expectancy violation may manifest in behaviors such as looking time, which was here measured as duration of vigilance stages. Furthermore, as goslings were not separated from their parents during the playbacks, hearing distress calls while their offspring was present may have added to the violation of the parents' expectancy. In general, we would expect that a potential stressor that causes any gosling to call can easily affect the own offspring as well as oneself, and responding with vigilance should be is beneficial in any case. Our interpretation of gosling distress calls as general facilitators of arousal is supported by the response to distress calls of goslings by non-parental geese (focal pairs). In pairs without goslings we also found an increase in vigilance behavior, however less distinct than in families. Pairs showed increased comfort behavior during and after the playbacks, which is commonly considered an indication of internal conflict and increasing stress levels ("displacement behavior"; (Tinbergen 1952) . Studies on heart rate during and after agonistic encounters in Greylag Geese (i.e. conflict situations) showed indeed a correlation between self-directed behaviors such as shaking and autogrooming and autonomic arousal after conflict situations (Wascher et al. 2010) . In primates, self-directed behaviors/ auto-grooming also indicated individual emotional tension (Maestripieri et al. 1992) , providing insight into an individual's evaluation of a certain event (Aureli and Yates 2010; Castles et al. 1999; Kutsukake 2006) . Thus, our results suggest that goose pairs perceived the goslings' distress calls as stressful and alerting, and therefore responded with increased comfort behavior.
In sum, our results indicate that female parental Greylag Geese invest more in vigilance behavior during the early rearing period than their mates in response to distress calls of goslings. Although this may be interpreted as asymmetrical investment between males and females, in the socially monogamous geese, our results could also point to the fact that investment of the sexes may be directed towards different components of fitness. While females invest more in guarding the offspring during early developmental stages, males may invest more in general vigilance towards the social environment in the flock, in mate guarding, and in providing the family with priority access to food during later stages of rearing.
